From the statistical analysis of pressure fluctuations, the hydrodynamic properties in a turbulent fluidized bed of glass beads (dp: 0.362mm) have been determined in a 0.1 m-ID x 3m high Plexiglas column. The statistical properties such as mean amplitude, fluctuation interval, standard deviation, skewness and flatness of pressure fluctuations have been utilized to determine the transition velocity from the bubbling to turbulent flow regimes in a fluidized bed. The obtained transition velocities from these methods were found to have very similar values. In the turbulent flow regime, the meanamplitude, fluctuation interval, standard deviation and flatness of pressure fluctuations decreased with an increase in gas velocity. By contrast, the skewness of pressure fluctuations increased with gas velocity.
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Introduction
The turbulent fluidized regime in a fluidized bed operation has received considerable attention in recent years due to the great contacting capability between the gas and solid phases without bubble formation in the catalytic and non-catalytic reaction systems. Transition from the bubbling to the turbulent flow regimes in a fluidized bed is marked by the breakdown of larger bubbles into smaller ones.19) The transition to the turbulent flow regime in terms of the amplitude of pressure fluctuation with gas velocity has been studied by Canada et al., 7) and Yerushalmi and Cankurt.35) The onset of the turbulent flow regime has been determined from a point at which the mean amplitude of pressure fluctuations with gas velocity begins to level-off. However, according to the equipment size and the properties of particles, the mean amplitude of pressure fluctuations with gas velocity did not exhibit a sharp drop but a rather continuous decrease from the transition to turbulent flow regime.12) Therefore, the transition point between the bubbling and turbulent flow regimes can not be easily determined. Since pressure fluctuations observed in fluidized beds are random in nature, the statistical analysis on pressure fluctuations in the bed can be utilized for diagnosing the fluidizing behavior. Therefore, in this study, the transition from the bubbling to the turbulent flow regimes has been determined from a point at which the mean amplitude of pressure fluctuations with gas velocity begins leveloff35* and the statistical properties of pressure fluctuations in the bed and the effect of the flow regimes on these statistical properties has been examined. The soild particles were supported on a bubble cap distributor plate which contained 7 bubble caps in which 6x3.0mm in diameter holes were drilled around each bubble cap. The distributor was situated between the main column and 0.1 m-ID x 0.2m high air box into which air was fed to the column through a pressure regulator, oil filter and a calibrated rotameter. Pressure taps were mounted flush with the wall of the column at 10cm height intervals from the distributor. The pressure drop across the gas distributor was ranged 2.2-5.8kPa at the gas velocity employed in this study. The entrained solid particles from the bed were collected by the first and the second cyclones in series and were recycled to the main bed simultaneously. The column was initially loaded with 10kg of glass beads giving static bed height of 1m. The pressure probe was made of 0.78cm-ID stainless steel pipe which can be moved signal from the pressure transducer was amplified and sent it via an A/D converter to a personal computer (Apple He) for recording. The sampling interval of the fluctuation was selected at 10ms and 8192 samples werecollected for each experimental condition. In order to determine the effect of bed height on pressure fluctuations, pressure gradients were measured along the bed height above the distributor. The measured pressure gradients remained almost constant above the bed level of 13cm from the distributor in the given ranges of gas velocity employed in this study. Therefore, the measuring points were selected above this level (33 and 53cm) throughout this study.
The gas velocity between the two measuring locations (33 and 53cm) above the distributor is shown in Fig. 2. As can be seen, the mean amplitude of pressure fluctuations initially increases with an increase in gas velocity, though it went to a maximumvalue at a gas velocity, and then it sharply decreases with an increase in gas velocity. The sharp decrease in the mean amplitude of pressure fluctuations at a given gas velocity may be attributed to the breakdown of slugs into smaller bubbles, and this maximumpoint has been regarded as the onset to the turbulent flow regime in the bed.7 35) From the figure, the transition velocity to the turbulent flow regime is found to be 0.85m/s. This value gives a ratio of transition to particle terminal velocities of0.313 which is similar to those in the bed of coarse particles. In general, the square-nosed slug can be observed in the bed of coarse particles as used in the present study. Therefore, the standard deviation of pressure fluctuations remains almost constant with an increase in gas velocity in slugging flow regime due to the formation of square-nosed slugs which were observed in the present system. The standard deviation sharply decreases at the transition region to the turbulent flow regime and it decreases with gas velocity because of the breakdown of square-nosed slugs into small bubbles or voids. Consequently, the changes in standard deviation of the pressure fluctuations may be used to indicate the onset of the turbulent flow regime in the bed.
Skewness and flatness of pressure fluctuations
The nondimensionalized third central moment, skewness, is a measure of the lack of symmetry in probability density function about the mean value.
The nondimensionalized fourth central moment, flatness, is a measure of the extent of sharpness in probability density function about the mean value. These values are defined as
where x is the random signal value, x is the mean value of random signals, a is the standard deviation, and/(x) is the probability density function ofx. When the probability density function lies in the normal distribution, the skewness and the flatness have the values of 0 and 3, respectively.
The variations of these values from the normal distribution having the same value of standard deviation in the random signals are shown in Fig. 6 . As can be seen, the skewness has the values of positive or negative sign to the direction of asymmetry in probability density function about the mean value. The value of flatness is larger or smaller than 3 of the normal distribution depending on the extent of sharpness in probability density function about the mean value.
The skewness of pressure fluctuation with the variation of gas velocity in the bed is shown in Fig. 7 .
The skewness decreases with an increase in gas velocity in the bubbling flow regime, it remains almost constant in the slugging flow regime and it increases with further increase in gas velocity in the turbulent flow regime. These trends have been observed in all the radial positions of the bed. The skewness obtained from the signals of the capacitance probe1} also increases with an increase in gas velocity at all the radial positions of the bed in the turbulent flow regime. As can be seen in the figure, the transition to the turbulent flow regime takes place at the very same gas velocity as observed previously. Moreover, the change in the value of the skewness is nearly opposite This trend is in agreement with that of the probability density function obtained from the signals of capacitance probe in the bed of FCC particles with a meansize of0.06mm.8)As can be seen in Fig. 7 , the skewness of pressure fluctuations with gas velocity can be also used to determine the transition velocity to the turbulent flow regime in the bed. The flatness of pressure fluctuations with gas velocity at the wall and the center of the bed are shown in Fig. 10 . As can be seen, the value offlatness exhibits a maximumvalue with an increase in gas velocity. The maximumpoint may be used to indicate the transition point to turbulent flow regime. The major probability densities of the fluctuations with gas velocity can be observed where the pressure fluctuations are highly deviated from the mean value due to the larger bubble size in the slugging flow regime. However, the standard deviation of pressure fluctuations is nearly constant in the bubbling flow regime as can be seen in VOL. 21 NO. 5 1988 Fig. 10 . Flatness of pressure fluctuations vs. gas velocity Table 1 . As expected, the values obtained indicate quite similar values of the transition velocity and consequently, the transition velocity from the bubbling to the turbulent flow regime can be easily determined from these statistical properties.
The power spectral density function of pressure fluctuations with gas velocity of 1.17m/s is shown in Fig. ll. The dominant frequency of a pressure fluc- Power spectral density function of pressure fluctuations at a gas velocity of 1.17m/s tuation signal can be determined from the peak of its power spectral density function of 0.56Hz as can tx found in the figure. In the present study, the dominani frequencies are found to be insensitive to the in crease in gas velocity in the turbulent flow regime within the frequency range of 0.4-0.7 Hz.
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